ABSTRACT: Serial harvests were conducted using Holstein steers (n = 110) fed zilpaterol hydrochloride (ZH) for 0 or 20 d prior to harvest. Steers were harvested in 28-d increments beginning at 254 d on feed (DOF) and ending at 534 DOF. After harvest and a 36-h chill period, carcasses were evaluated using grading methods standard for the United States (USDA), Canada (Canadian Beef Grading Association [CBGA]), and Japan (Japanese Meat Grading Agency [JMGA]). No ZH treatment differences (P = 0.81) were detected for 12th-rib fat thickness; however, additional DOF resulted in a daily linear increase (P < 0.01) of 12th-rib fat thickness by 0.004 cm/d. Longissimus muscle area was increased (P < 0.01) by 8.7 cm 2 with ZH supplementation and linearly increased (P < 0.01) 0.08 cm2/d with additional DOF. Calculated USDA yield grade (YG) decreased (P < 0.01) 0.33 units due to ZH treatment and linearly increased (P < 0.01) 0.009 units/d. Steers supplemented with ZH exhibited increased (P < 0.01) CGBA LM width; however, no difference (P = 0.37) was detected in CGBA LM length. No ZH treatment differences (P = 0.64) were observed for CBGA fat class; however, CGBA fat class linearly increased (P < 0.01) by 0.01 units/d. No ZH differences (P ≥ 0.17) were detected for the CBGA estimated lean percentage or YG equations. Evaluation for JMGA occurs at the sixth and seventh rib interface; LM area was 4.6 cm2 greater (P = 0.02) for cattle supplemented with ZH and linearly increased (P < 0.01) by 0.07 cm2/d with additional DOF. Subcutaneous fat thickness was not different among ZH treatments (P = 0.10) but linearly (P < 0.04) increased (P < 0.01) by 0.005 cm/d with additional DOF using the JMGA grading method. No difference (P ≥ 0.21) was calculated between ZH treatments or DOF for JMGA estimated yield. No ZH treatment differences (P = 0.85) were detected in USDA marbling score; however, marbling linearly increased (P < 0.01) 0.07 units/d. These data illustrate the impact of ZH and increasing DOF on economically important carcass grading outcomes used in the USDA, CBGA, and JMGA grading programs.
INTRODUCTION
Global grading standards evolved out of necessity to differentiate products within the retail marketplace, provide a means of value agreement between buyers and sellers, and convey a language for describing carcasses for use in market reporting and global trade. As such, the philosophy used in grading of agricultural commodities involves sorting products into finite groups that differ in customer utility, desirability, and value (Smith et al., 2008) . To adequately segregate beef carcasses, global classification systems emphasize parameters such as marbling, lean color, lean texture, fat color, and maturity (often using dentition or ossification as a proxy for age) as descriptive measures to differentiate carcass quality. Additionally, grading programs also use parameters of fatness (subcutaneous fat depth, internal fat estimation, and intermuscular fat thickness) and muscling (longissimus muscle area, longissimus muscle length, longissimus muscle width, and carcass conformation) to provide predictive measures of carcass saleable yield. Today's beef consumers demand leaner retail cuts with virtually no trimmable fat while maintaining carcass quality and eating satisfaction (Igo et al., 2013) . Therefore, economic signals important to cattle feeders and beef processors generate optimal market endpoints to reduce the production of excess carcass fat while maintaining carcass quality and maximizing carcass value. The objective of this study was to evaluate differences in carcass quality and yield from calf-fed Holstein steers fed zilpaterol hydrochloride (ZH) for either 0 or 20 d during a 280-d serial harvest period using beef carcass grading standards of the USDA (Washington, D.C.), Canadian Beef Grading Agency (CBGA; Calgary, AB, Canada), and Japanese Meat Grading Association (JMGA; Tokyo, Japan).
MATERIALS AND METHODS
Feeding performance and harvest yields were previously described by Walter et al. (2016) and May et al. (2016) , respectively. Treatments included steers fed 8.3 mg/kg of ZH (DM basis) for 20 d and removed from the supplement for 3 d before slaughter and steers fed a control diet. Steers were harvested every 28 d from 254 to 534 d on feed (DOF) for a total of 11 harvest endpoints; 5 animals received ZH and 5 animals were fed the control diet at each harvest point. Cattle from 254 to 394 DOF were harvested at the West Texas A&M University Meat Laboratory (Canyon, TX; establishment number 7124) under USDA Food Safety and Inspection Service supervision according to standard commercial harvest procedures. Due to excessive animal size and physical limitation of the facilities at the West Texas A&M University Meat Laboratory, animals were not able to be safely harvested after 394 DOF. Therefore, from 422 to 534 DOF, animals were harvested at Caviness Beef Packers (Hereford, TX; establishment number 675) under USDA Food Safety and Inspection Service supervision and in accordance with commercial harvesting practices. Hot carcass weight was captured in both abattoirs and was previously reported by May et al. (2016) . Hot carcass weight will be reported again in this manuscript because that metric is a component of the USDA beef carcass grading system.
Carcass Grading
Following standard beef harvest procedures, carcasses were chilled at 0°C for 36 h. Carcass left sides were ribbed at both the JMGA grading site (between the sixth and seventh ribs) and at the CBGA/USDA grading site (between the 12th and 13th ribs). Carcasses were then allowed to bloom (oxygenation of myoglobin from deoxymyoglobin to oxymyoglobin) for a minimum of 20 min prior to measuring grading variables.
Carcasses evaluated (n = 60) for the JMGA grading criteria (JMGA, 1989) were evaluated through 394 d of age. Carcasses from 422 to 534 d of age were unable to be evaluated for JMGA grading standards because the site of ribbing prevented normal fabrication procedures for the commercial harvesting facility, which purchased the left sides of all animals from 422 to 534 d of age. Carcass left sides were evaluated for rib thickness (measured muscle thickness ventral to the exposed LM excluding subcutaneous fat), LM area, maximum subcutaneous fat thickness, marbling standard (1 = no marbling and 12 = extreme marbling), meat color (1 = lightest and 7 = darkest), meat texture (1 = coarse and 5 = extremely fine), and fat color (1 = firm, bright white and 7 = soft, beige) at the sixth and seventh rib interface. Per JMGA grading regulations, marbling, meat color, and fat color were converted to a scale between 1 and 5, with 1 being the lowest value and 5 being the highest value. For example, marbling standards of 1, 2, 3 to 4, 5 to 7, and 8 to 12 were equivalent to beef marbling scores of 1, 2, 3, 4, and 5, respectively. Overall meat quality score or quality grade (1-5) was the lesser of marbling, meat texture, meat color, and fat color. Estimated JMGA yield was calculated as estimated yield, % = 67.37 + (0.130 × rib eye area, cm 2 ) + (0.677 × rib thickness, cm) − (0.025 × cold left side weight, kg) − (0.896 × subcutaneous fat, cm). One of three Japanese yield grade (YG) categories were assigned based on the estimated yield: A = ≥72%, B = ≥69% and <72%, and C = <69%; according to JMGA regulations, the yield score could be reduced one rank if intermuscular fat thickness was thick relative to side weight and rib eye area or if the round was too thin and the proportion of the fore and hind quarter appeared undesirable.
Carcasses (n = 110) evaluated using the CBGA (1998) grading system were evaluated at the 12th and 13th rib interface in accordance with CBGA regulations. Canadian fat class was evaluated at the minimum point of fat thickness within the fourth quarter of the longitudinal axis of the longissimus dorsi using the official CBGA grading ruler. Maximum length (medial-lateral distance) of the longissimus dorsi was determined by using the CBGA yield ruler per CBGA grading regulations. Longissimus dorsi width (dorsal-ventral distance) was measured at the point of maximum width, perpendicular to the longitudinal axis and within the second and third quarter of the longitudinal axis of the muscle. Longissimus muscle length and width were then used to assign a muscle score of 1, 2, 3, or 4 according to CBGA methods. Canadian YG were assigned based on the cutability equation (percent lean = 63.65 + 1.05 × muscle score − 0.76 × grade fat, mm), whereby yield score = 1 if percent lean ≥ 59%, 2 if percent lean ≤ 58% and ≥ 54%, and yield 3 if percent lean ≤ 53% (Agriculture and AgriFood Canada, 1995) . Carcasses were then evaluated for quality attributes (maturity and marbling) according to CBGA grading standards. Maturity scores were evaluated as either CBGA maturity I or II. Maturity I carcasses were those in which lumbar vertebrae had evidence of cartilage; cartilaginous caps on the thoracic vertebrae were less than half ossified; and ribs were narrow, round, and red; maturity II carcasses were those in which the lumbar vertebrae had no evidence of cartilage on the tips of the spinous process; cartilaginous caps on the thoracic vertebrae were more than half ossified; and ribs were wide, flat, and white. Canadian beef grading agency quality grades were evaluated and recorded as Canada A (traces amount of marbling), Canada AA (slight amount of marbling), Canada AAA (small to moderate amount of marbling), and Canada Prime (slightly abundant marbling or more). All carcasses in this study qualified for these grades as they possessed ≥4 mm grade fat, adequate muscling, and adequate lean and fat color and were determined to be youthful (CBGA maturity I carcasses).
Carcasses evaluated (n = 110) for the grading criteria of the United States were assessed at the 12th and 13th rib interface in accordance to USDA standards (USDA, 1997). Fat thickness was measured at a point perpendicular to the outside surface of the longissimus dorsi muscle three-fourths of the length from the vertebral column and adjusted to account for variation in fat cover not representative of the original measurement. Longissimus dorsi muscle area was measured using a USDA dot grid. The weight of the kidney and the fat contained near the KPH was included for determination of cutability, which mimics the procedure outlined by Murphey et al. (1960) . The USDA YG were then calculated using the USDA YG equation [YG = 2.5 + (0.98425 × 12th-rib fat depth, cm) + (0.00838 × HCW, kg) + (0.2 × KPH, %) -(0.0496 × LM cross-section area, cm 2 ).
For quality grading purposes, carcasses were evaluated for USDA maturity (A, B, C, D, or E) and USDA marbling (practically devoid, traces, slight, small, modest, moderate, slightly abundant, moderately abundant, or abundant) and scored on the following scale: 10 to 19 = practically devoid (low standard), 20 to 29 = traces (high standard), 30 to 39 = slight (select), 40 to 49 = small (low choice), 50 to 59 = modest (average choice), 60 to 69 = moderate (high choice), 70 to 79 = slightly abundant (low prime), 80 to 89 = moderately abundant (average prime), and 90 to 99 = abundant (high prime).
Statistical Analysis
The MIXED procedure of SAS (SAS 9.3; SAS Inst. Inc., Cary, NC) was used to compare the effect of ZH supplementation and DOF on carcass grading components. The experiment used a completely randomized experimental design with a 2 × 11 factorial treatment structure. Fixed effects included ZH, DOF, and ZH × DOF interaction with the random effect of slaughter facility. The LSMEANS option was used to calculate variable estimates. Linear and quadratic relationships were also evaluated using the CONTRAST statement using PROC IML-calculated coefficients. Results are discussed as significant if P ≤ 0.05 and as a tendency if P > 0.05 to P ≤ 0.10. The REG procedure was used to estimate the change in dependent variables with additional DOF. In the case of JMGA fat color, differences were not calculated due to nonestimable probability values due to no differences between treatments or DOF.
RESULTS AND DISCUSSION

United States Department of Agriculture Yield Grading Variables
No ZH × DOF interactions (P ≥ 0.12) were observed for any of the USDA yield grading parameters (Table 1) . Hot carcass weight is included in Table 1 of this manuscript due to its use in the USDA YG assessment. Discussion of differences in HCW due to ZH supplementation and the effect of DOF were discussed by May et al. (2016) .
No ZH treatment differences (P = 0.81) for 12th-rib fat depth were observed with ZH supplementation. These observations are in agreement with previously reported literature for calf-fed Holstein steers (Beckett et al., 2009) , beef steers (Montgomery et al., 2009a; Holland et al., 2010) , and cull cows (Lawrence et al., 2011b) fed ZH. In contrast, decreased fat depth concurrent with ZH supplementation has been previously reported in beef steers (Vasconcelos et al., 2008; Montgomery et al., 2009b; Elam et al., 2009 ) and heifers (Rathmann et al., 2012) .
Extending the time cattle receive a high-concentrate diet has been reported to increase 12th-rib fat depth (Harrison et al., 1978; Tatum et al., 1980; Dolezal et al., 1982; May et al., 1992; Van Koevering et al., 1995; Bruns et al., 2004; Vasconcelos et al., 2008) . In the present study, 12th-rib fat depth linearly increased (P ≤ 0.01) 0.004 cm/d. In agreement, Van Koevering et al. (1995) harvested beef steers every 2 wk beginning at 105 d of age and reported a linear relationship between 12th-rib fat depth and extended DOF, with subcutaneous fat increasing at a rate of 0.007 cm/d. In contrast, Bruns et al. (2004) reported a quadratic increase in 12th-rib fat depth with additional DOF. However, the slaughter groupings in Bruns et al. (2004) were targeted to produce equal carcass weights within grouping and not at equal day intervals as reported herein and in other literature (May et al., 1992; Van Koevering et al., 1995) .
Holstein steers typically lack the muscular conformation of traditional beef-type genetics due, in part, to intensive selection based on milk yield rather than meat yield attributes. Nour et al. (1983) reported that Angus carcasses have a 2.79 cm 2 larger LM area than Holstein carcasses at any chilled carcass weight. ).
3
Longissimus length, medial-lateral distance; 1 = <141 mm; 2 = 141 to 150 mm; 3 = >150 mm.
4
Longissimus width, dorsal-ventral distance; 1 = <64 mm; 2 = 64 to 71 mm; 3 = >71 mm. 5 1 = 2 to 4 mm; 2 = 4 to 6 mm; 3 = 6 to 8 mm; 4 = 8 to 10 mm; 5 = 10 to 12 mm; 6 = 12 to 14 mm; 7 = 14 to 16 mm; 8 = 16 to 18 mm; 9 = >18 mm.
6 1 = width and length scores of 1 or width score of 1 and length score of 2 or width score of 2 and length score of 1; 2 = width and length scores of 2 or width score of 1 and length score of 3 or width score of 3 and length score of 1; 3 = width score of 2 and length score of 3 or width score of 3 and length score of 2; 4 = width and length scores of 3.
7
Lean percentage = 63.65 + (1.05 × muscle score) − (0.76 × grade fat).
8
Determined by lean percent, in which YG 1 = 59% or greater, YG 2 = 54 to 58%, and YG 3 = 53% or less. Likewise, Knapp et al. (1989) reported an 3.8 cm2 larger LM area for English cattle over Holsteins and an 11.8 cm2 larger LM area for exotic steers in comparison with Holstein steers. Moreover, the lack of muscular conformation within the LM for calf-fed Holsteins has traditionally led to decreased demand for center of the plate cuts from calf-fed Holsteins (Lawrence et al., 2011a Increasing DOF led to increased (P ≤ 0.01) LM area following both linear and quadratic functions (P < 0.01), with a linear increase of 0.08 cm2/d and a peak occurring at 478 DOF. In contrast, Van Koevering et al. (1995) reported no linear or quadratic trends for LM area over a 42-d period. Previously, May et al. (1992) and Bruns et al. (2004) reported that LM area linearly increased with additional DOF. However, the duration of those studies, 196, 56, and 193 d, respectively, were less than the 280-d period reported herein and may have been too short to identify the inflection point of LM area growth. Moreover, no differences in LM area were observed among steers fed past 338 DOF, which may signal the end of radial muscle cell growth.
Steers supplemented with ZH had less (P = 0.04; 0.29%) KPH. This observation is greater than results reported by Vasconcelos et al. (2008) and Elam et al. (2009) , who reported decreases of 0.06 and 0.03 percentage units, respectively, in KPH when ZH was added to the diet. Previous reports have also indicated that KPH was generally not affected by ZH supplementation (Plascencia et al., 1999; Montgomery et al., 2009a; Beckett et al., 2009; Holland et al., 2010) . However, the percentages of KPH reported in these previous studies were visually estimated, whereas in the present study, KPH was determined by physical separation and expressing as a percentage of HCW. Percentage of KPH linearly increased 0.008 percentage units/d (P ≤ 0.01) with additional DOF. In contrast, May et al. (1992) and Van Koevering et al. (1995) reported increases in KPH before reaching a plateau at 327 and 335 kg of HCW, respectively. Moreover, Bruns et al. (2004) reported quadratic increases in the percentage of KPH with additional DOF. Although differences among these studies and the current findings are not a direct comparison, differences in linear and quadratic trends could be an artifact of the intensive selection for milk yield within the dairy industry leading to changes in accretion rates of KPH and 12th-rib fat thickness compared with beef-type steers.
The calculated USDA YG of carcasses from steers fed ZH was 0.33 units less (P ≤ 0.01; 9.1%) than controls. These observations are comparable to previous data of Vasconcelos et al. (2008) , Elam et al. (2009), and Holland et al. (2010) , who reported decreased USDA calculated YG of 14.1, 11.1, and 7.56%, respectively, after feeding ZH for 20 d. Moreover, the USDA calculated YG linearly increased (P ≤ 0.01) 0.009 units/d with additional days on a high-energy diet. Similarly, May et al. (1992) and Van Koevering et al. (1995) reported that YG linearly increased by 0.01 and 0.02 YG units, respectively, with additional time spent on feed. In summary, Holstein steers accrued YG units at reduced rates compared with beef steers.
Canadian Beef Grading Agency Yield Grading Variables
A ZH × DOF interaction (P = 0.03) was observed for Canadian muscle score, with trends calculated for CBGA fat class and LM length (P < 0.10), therefore precluding interpretation of main effects. This interaction is likely an artifact of reduced sample size rather than a biological effect of ZH and days of feed. No other CBGA variables were observed to have a ZH × DOF interaction. However, the main effects of ZH (P = 0.32) and DOF (P = 0.47) were not significant for the Canadian (CBGA) YG. These observations may reflect the inability of the current CBGA YG measurements to accurately classify yield differences amongst calf-fed Holstein steers marketed at various compositional endpoints with and without ZH supplementation. Lawrence et al. (2011a) reported that dorsal-ventral longissimus lumborum depth was 7.5 and 3.6% greater when measured at 25 and 50%, respectively, of the length of the longissimus lumborum from the midline for calf-fed Holstein steers supplemented with ZH. In the present study, longissimus muscle width (dorsal-ventral distance) measured within the second and third quarter of the longissimus muscle was improved (P ≤ 0.01; 1.7 vs. 1.4) for steers supplemented with ZH for 20 d. In agreement, McEvers et al. (2013) reported longissimus muscle width increases (P ≤ 0.01) of 17.6, 25.0, and 12.5% for CC, CT, and TT genotypes, respectively, when beef type steers were supplemented with ZH for 20 d. Coinciding with the observations in longissimus muscle length, the maximal longissimus muscle width occurred at 366 DOF; however, longissimus muscle width tended to increase in a linear (P = 0.08) fashion with additional DOF. These observations suggest that the majority of the growth occurring in the longissimus muscle occurs primarily due to dorsal-ventral distance rather than medial-lateral distance. Moreover, these observations illustrate the beneficial impact of ZH supplementation on enhancing the muscular conformation for calf-fed Holstein steers.
There were no differences (P ≥ 0.17) among treatments or DOF for CBGA lean percentage in the present study. In contrast, McEvers et al. (2013) reported lean percentage to be greater (P ≤ 0.01) for ZH-supplemented beef steers. These differences are likely attributable to differences in sample size and genetics. These results indicate the inability of the CBGA lean percentage equation to detect red meat yield differences among calf-fed Holstein steers fed ZH. This is likely a reflection of what the equation measures and what it does not. Measures of muscling (LM length and LM width) used in the CBGA equation do not account for increased muscling in the hindquarter that is demonstrated in cattle supplemented with ZH. Moreover, the equation does not account for differences in carcass weight between cattle receiving ZH and those not receiving ZH.
Japanese Meat Grading Agency Yield Grading Variables
No ZH × DOF interactions (P ≥ 0.28) were detected for variables used in the JMGA yield grading equation. No differences (P = 0.11) were observed among treatments for rib thickness. However, rib thickness increased (P ≤ 0.01) by 0.03 cm/d with additional DOF. Measures of LM area between the sixth and seventh ribs were 4.6 cm 2 larger (P = 0.02) for steers supplemented with ZH. Additionally, LM area increased (P ≤ 0.01) by 0.07 cm2/d from 254 to 394 DOF. Cattle supplemented with ZH tended (P = 0.10) to have 0.3 cm less subcutaneous fat. Moreover, subcutaneous fat increased (P ≤ 0.01) by 0.005 cm/d with increasing DOF. Although JMGA estimated yield was numerically 2.8 percentage units greater for ZH-supplemented cattle, no difference (P = 0.21) was detected among diet treatments or with additional DOF (P = 0.26).
United States Department of Agriculture, Canadian Beef Grading Agency, and Japanese Meat Grading Agency Quality Grading Variables
No ZH × DOF interactions (P = 0.98) were observed for marbling scores used in the USDA and CBGA grading schemes (Table 2) . Moreover, no treatment differences (P = 0.85) were observed for marbling score. These observations are in contrast to previous reports by Beckett et al. (2009) and Montgomery et al. (2009a) , who reported 16 and 29 unit decreases, respectively, in marbling with ZH supplementation for 20 d. Differences between the present report and previous literature may be attributable to greater feeding durations and smaller sample sizes than reported by Beckett et al. (2009) and Montgomery et al. (2009a) . Nonetheless, marbling score linearly (P ≤ 0.01) increased (P ≤ 0.01) by 0.07 units/d with additional DOF. These findings are in agreement with previously reported literature (Dolezal et al., 1982; Hicks et al., 1987; Miller et al., 1987) in which marbling score increased in a linear fashion when the feeding period was extended. Bruns et al. (2004) also reported a linear increase in marbling score when marbling was expressed on a fractional growth rate basis rather than DOF. However, both May et al. (1992) and Van Koevering et al. (1995) regressed marbling score against DOF and reported that marbling deposition developed in a quadratic fashion, increasing to 112 (May et al., 1992) and 119 DOF (Van Koevering et al., 1995) before reaching a plateau. Duckett et al. (1993) , using longissimus dorsi samples from cattle of May et al. (1992) , reported that intramuscular fat doubled between 84 and 112 DOF but did not increase from 112 to 196 DOF.
All cattle were determined to be classified as A maturity in the USDA system as well as Canadian maturity score I, in which the animals were classified as having evidence of cartilage in the lumbar vertebrae; cartilaginous caps on the thoracic vertebrae that were less than 50% ossified; and ribs that were narrow, round, and red (data not shown in tabular form). Previous literature also indicated skeletal maturity was not affected by ZH supplementation (Vasconcelos et al., 2008; Beckett et al., 2009; Elam et al., 2009; Montgomery et al., 2009a; Holland et al., 2010) . The steers used in this study were of similar age, origin, and genetics, which probably resulted in a more uniform response.
No ZH × DOF interactions (P ≥ 0.47) or treatment differences (P ≥ 0.67) were detected for any of the JMGA variables of interest including marbling score (P = 0.85), firmness and texture (P = 0.67), fat color (P = 0.98), lean color (P = 0.74), or overall quality grade (P = 0.99). A tendency (P = 0.07) for improvement in JMGA marbling score with additional DOF at a rate of 0.004 units/d (P = 0.02) was calculated. However, all cattle were classified as beef marbling score number 1 inferior grade in the JMGA system, with scores differing (P = 0.04) across DOF and linearly increasing (P ≤ 0.01) at a rate of 0.003 units/d. Regarding firmness and texture and lean color, both characteristics linearly (P ≤ 0.01) increased (P ≤ 0.01) with additional DOF at a rate of 0.019 and 0.018 units/d, respectively.
Supplementing calf-fed Holstein steers with ZH for 20 d elicited positive responses in USDA yield grading attributes. Those responses were less detectable in the CBGA system and negligible in the JMGA system. However, marbling score was not reduced with ZH supplementation but did improve with additional DOF. Moreover, these results also illustrate optimal marketing endpoints for calf-fed Holsteins regardless of ZH supplementation and the relative changes in grading variables used in the USDA, CBGA, and JMGA grading schemes. The present results indicate that the impact of supplementing calf-fed Holstein steers with ZH on carcass grading is consistent across a range of DOF. However, based on interpretation of the grading parameters for the USDA, the DOF endpoint that maximized calculated YG (calculated under a YG of 4) occurred at 394 DOF, with the greatest numeric marbling score occurring at 506 DOF. Compared with d 394, d 506 had a calculated YG of 4.96, which currently would receive a monetary discount in most value-based formulas.
Comparing yield and quality grading characteristics among the DOF endpoints, the optimum combined calculated YG and marbling score occurred at the 394 DOF endpoint, where calculated YG was less than 4.0 and marbling score reached the minimum for grading USDA choice. Although the maximization of yield and quality grading appears to occur at 394 DOF, the authors caution the reader to take into account other economically viable factors such as feeding performance, carcass growth efficiency, carcass marketing premiums and discounts, and red meat yield outcomes. 4 1 = Inferior firmness and coarse texture; 2 = below average firmness and below average texture; 3 = average firmness and average texture; 4 = good firmness and fine texture; 5 = very good firmness and very fine texture.
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5 1 = inferior fat color; 2 = below average color; 3 = average color; 4 = good color; 5 = excellent color. 6 1 = inferior; 2 = below average; 3 = average; 4 = good; 5 = very good.
7 QG = Quality grade. Overall quality score is graded down to the lowest grade among marbling, color and brightness, firmness and texture, and fat color.
